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ABOUT NCGRPtc "ABOUT NCGRP"
Our Vision:  Excellence in preservation and security of genetic resources for use by current and future generations.

Mission Statement:  To acquire, assess, preserve, and provide a collection of genetic resources to secure the biological diversity that underpins economic and environmental sustainability of agriculture through research, stewardship, and communication.

Our Guiding Principle:  The National Center for Genetic Resources Preservation pursues its strategic objectives by strengthening coordination with public and private sectors.  The Center recognizes that genetic resources are global assets and will develop communication, outreach, training, and technology transfer activities accordingly.

Strategic Objectives:

Preservation

Research

Information Management

Partnerships

2004 IN BRIEF REVIEW FOR NCGRP
Remodeling NCGRP: We can’t seem to leave well enough alone. We are having architectural and design work done to double the cold vault storage on the second floor where we only had funds to do half when the building was expanded in 1992. In addition, we are planning to do retrofit lighting where we can improve lighting quality, receive power company rebates, and reduce energy consumption about 30-35 percent. Upgrading to the physical security system began in June 2003 and was completed during 2004. Minor issues are being resolved.

Retirement and New Scientist:  The Seed Viability and Storage Research Unit (SVSRU) lost its able leader, Dr. Loren Wiesner, to retirement at the end of 2004. He will continue as a USDA collaborator for a while to pursue some activities with seed science long-distance education. Dr. David Ellis, who joined us in March 2004, will serve as Acting Research Leader while we actively recruit a replacement for Dr. Wiesner.

Unit Project Plans:  The new cycle of the Five-year Project Plans for NCGRP begins with the National Animal Germplasm Program in 2005. The 2004 Discover Conference on Animal Genetic Resources was held in Cheyenne, WY and produced excellent information and guidance for the NAGP to develop a solid research agenda for the years ahead. The plant units continue on-track with the plans that they implemented last year.

PROGRAM-RELATED WEB LINKS

tc "Program-Related Web Links"
USDA’s National Genetic Resources Program (NGRP)
http://www.ars-grin.gov
USDA’s Germplasm Resources Information Network (GRIN) Database
http://www.ars-grin.gov
National Plant Germplasm Program (NPGS)(NP 301)
http://www.nps.ars.usda.gov/programs/programs.htm?NPNUMBER=301
http://www.ars-grin.gov/npgs/ 

National Animal Germplasm Program (NAGP)(NP101)
http://www.nps.ars.usda.gov/programs/programs.htm?npnumber=101&docid=406#gi
http://www.ars-grin.gov/nag/ 

National Center for Genetic Resources Preservation (NCGRP)
http://www.ars-grin.gov/ncgrp
Links to other US and International Program Websites
http://www.ars-grin.gov/npgs/ngo.html
CURRENT RESEARCH INFORMATION SERVICE (CRIS) PROJECTS AT NCGRP

National Animal Germplasm Program (NAGP)

5402-31000-002-00-D
National Animal Germplasm Program (NAGP)

5402-31000-002-02-S

Population Status of Livestock Genetic Resources in the United States

5402-31000-002-03-S
Determine the Genetic Similarity Between Two Separate Lines of Hereford Cattle

5402-31000-002-04-S

Development of a National Collection of Swine Germplasm

5402-31000-002-06-S
Preservation of Goat Germplasm

5402-31000-002-07-S
Collection, Cryopreservation and Evaluation of Different Poultry Lines

5402-31000-002-08-S
The Effect of Holding Time on Ram Semen Fertility

5402-31000-002-09-S 
Sheep and Goat Embryo Cryopreservation for Conservation of Genetic
Resources

Plant Germplasm Preservation Research Unit (PGPRU)

5402-21000-011-00-D
Research to Develop Strategies and Technologies for Preserving Plant Genetic Diversity in Ex Situ Genebanks

5402-21000-011-01-R
Dynamics of White Pine Colonization after Fire

5402-21000-011-02-S

Population Genetic Analyses to Preserve Genetic Resources of Crops

5402-21000-011-03-S 
Mechanisms of Genetic Change during Ex Situ Conservation of Rye Germplasm

5402-21000-011-04-S
Ultrastructural Changes in Plant Tissues Induced by Cryoprotective Treatments

Seed Viability and Storage Research Unit (SVSRU)

5402-21000-006-00-D
Preservation and Quality Assessment of Plant Genetic Resources

5402-21000-006-01-S

Evaluation of Seed Longevity of Germplasm Placed in Long-Term Storage

5402-21000-006-02-R
Establish a Framework for the Preservation of Voucher Specimens of Cultivars Issued Under PVPO

5402-21000-006-03-S

Regeneration of Maize Landrace Collections in Central and South America

5402-21000-006-04-S
Regeneration of Sorghum Accessions

5402-21000-006-06-N
Establish a General Framework for Cooperation and Coordination for the Conservation of Plant Genetic Resources

5402-21000-006-08-N 
Cooperation with the International Rice Research Institute (IRRI)

5402-21000-006-09-N
Cooperation with the Colegio de Postgraduados en Ciencias Agricolas

5402-21000-006-11-R
Collection and Preservation of Native Seed and Investigation of Native Seed Banks Affected by Euphorbia Esula (Leafy Spurge)
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National Animal Germplasm Program

Collection Update
Problem:  Animal genetic resources are the underpinning for profitable livestock production. The genetic resources and genetic diversity can be protected by developing cryopreserved reserves for all economically important livestock species. Without such reserves the livestock industry is at risk from a narrowing genetic base, threat of contagious diseases and bioterrorism. To address the issue of animal genetic resources conservation requires three simultaneous actions: building cryopreserves, developing an information system to enhance user understanding of the national collection and breed population dynamics, and understanding the genetic diversity present in livestock populations.

Findings: At the end of fiscal year 2004 the national collection contained:

· 63 breeds of cattle, swine, sheep and goats,
· 43 chicken lines,
· 17 aquatic species, 
· samples from more than 2,500 different animals, and
· 150,000 samples of semen, blood and embryos.
In addition, sufficient germplasm has been collected to meet minimum breed security targets for the following breeds or lines:

· Cattle
· Holstein, Jersey, Angus, Hereford, and Salers
· Swine
· Meishan, Danbred
· Chickens
· 15 lines of research populations  
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Implications:  Development of cryopreserved germplasm reserves provides a security backup for the U.S. livestock industry and the American consumer. Although the collection has grown significantly during the past year, significant additions at the breed and within breed levels are still needed.

· H. Blackburn

· P. Purdy

American Dairy Science Association’s

9th Discover Conference

Problem: The NAGP was established five years ago. There was a need and desire to assess the program’s progress and establish future directions. This issue was addressed in collaboration with the American Dairy Science Association. 
Findings: The 9th Discover Conference on Food and Agriculture was held November 2-5, 2004 at the Plains Hotel in Cheyenne, Wyoming. “Protecting and Managing Animal Genetic Resources for Future Generations: The Next Steps”, attracted approximately 80 U.S., Canadian and European registrants from the livestock industry, universities and governments. The 3rd Discover Conference, held in 1999, launched the USDA/ARS National Animal Germplasm Program (NAGP) and the 9th Conference provided an opportunity to take stock of the accomplishments over the past five years and how to address animal genetic conservation issues during the next five years.

Sessions were held to explore: non-genetic issues impacting diversity (economic valuation of genetic resources, biosecurity, industry dynamics, and in-situ conservation); species committee actions (included updates on committee actions and the status of the germplasm collection); cryopreservation (focused upon issues that impede the collection of semen, embryos and other tissue types); and genetics (focused upon utilization of the collection for expanding our knowledge of livestock genomes and how the GRIN information system will have to be developed to accommodate the linkage between the collection, phenotypic data, and genomic databases).  

During the meeting there were species and cross species breakout sessions. From those sessions several over-arching themes emerged, in addition to the continued collection of germplasm and tissues, and included: 

1. Develop targeted approaches to collecting germplasm by utilizing pedigree/clustering approaches and/or molecular genetic approaches;

2. Compare the collection’s genetic variability to the variation within in-situ populations;
3. Initiate collecting tissues, other than semen, and where techniques are deficient develop effective approaches to do so;
4. Develop a comprehensive mechanism to address intellectual property issues;  
5. Establish in-situ conservation efforts for selected populations;
6. Sample livestock breeds that are currently outside the U.S; and 

7. Insure that Animal-GRIN is developed in such a manner as to address the needs of the range of species and targeted users. 
Implications: The recommendations developed at this meeting will be utilized in advancing the conservation of genetic resources through the species committees and will be incorporated into the next ARS project plan.

· H. Blackburn

On-site Collection of chicken RESEARCH LINES

Problem:  Research lines of avian stocks are being eliminated at accelerating rates.  Marcia Miller (2004, Nature 432: 799) suggests that two-thirds of mutant lines and one-half of inbred lines in North America are in danger of being eliminated due to budget constraints.  Many such lines were removed at the University of Wisconsin-Madison (UW) in 2004.

Findings:  Prior to removal of the UW lines, NAGP performed on-site collections of semen and blood from these roosters.  A description of the lines is in Table 1 below.  As a result a total of 13 lines were collected and for six of these lines sufficient germplasm was collected to secure them.  One hundred ninety-nine units of semen and 638 units of blood were collected.  Each 0.5 ml straw of semen can inseminate 4 hens, so nearly 800 inseminations are possible.  Additionally, DNA can be extracted from the blood, allowing for continued research using these lines. The cost per straw was approximately $21, which is 7 times higher than field collections involving sheep.

Table 1.  Description of UW Poultry Lines in NAGP Collection

	Line
	Description
	Secure

	Pinkeye
	Pink eyes and a high incidence of cataracts
	No

	Rea Leigh
	A single gene recessive feather pattern mutation, acting as a phaeomelinin pigment restriction
	No

	Ataxia
	A recessive single gene neurological mutation recognizable at hatching, they exhibit tremors and cannot stand
	Yes

	New Hampshire
	Closed random bred/control population (>30generations) of purebred New Hampshire chickens
	Yes

	Dark Brown
	Color mutation
	Yes

	Double Oviduct Line
	Both right and left oviduct form in most females of this line
	No

	Leghorn
	Closed population (>30 generations) of Single-comb White Leghorns
	Yes

	Sex-Linked Skin Color
	Homozygous or hemizygous mutant can’t deposit yellow skin pigment
	No

	Pirouette
	Homozygous chicks with this neurological mutation spin in circles
	Yes

	Tardy Feathering
	Homozygotes have very slow growing flight feathers after hatching
	No

	Autosomal Albino
	Homozygotes have white feathers and red eyes
	Yes

	Donald Duck-3
	A recessive lethal causing the upper and lower beak to curve
	No

	Autosomal Restriction Pigment
	Have pale yolk and white legs
	No


Implications:  On-site collections of poultry stocks can be effectively accomplished.  Several lessons were learned from this initial attempt at backing up disappearing lines.  In the future, accurate information regarding the population and the institution’s goals will be pursued.  Specifically, information requested will include deadlines for final closeout, the institution’s willingness to place lines at other institutions, and the appropriate contact person(s). In addition alternatives to semen cryopreservation need to be explored to reduce the collection costs.

· H. Blackburn

· P. Purdy

A FERTILITY TRIAL COMPARING FRESH RAM SEMEN TO RAM SEMEN FROZEN AT TIME 0 AND 24 HOURS

Problem:  Due to industry infrastructural weaknesses NAGP has explored cryopreserving ram semen 24 hours after collection, this enables the transport of collections to NCGRP. While ex-situ tests indicated this could be a solution, it was necessary to perform a fertility trial to test the efficacy of a 24 hour post-collection freeze.

Findings:  One hundred thirty eight ewes at the University of Wyoming were synchronized and inseminated via laproscopic AI. Treatments included:

· Semen collected fresh (Fresh), frozen shortly after collection (Time0) and frozen 24 hours after collection (Time24); and
· An experienced vs novice inseminator.
Using ultra-sound to determine pregnancy at 50 days post-insemination and overall conception rate of 41% was obtained. Semen treatment by inseminator conception rates were:

	Semen

Treatment
	Experienced

Inseminator
	Novice

Inseminator

	Fresh
	63%
	20%

	Time0
	49%
	25%

	Time24
	38%
	33%


At this point two conclusions can be made. First, experienced AI technicians are essential if high conception rates are to be obtained. Unfortunately, such expertise is difficult to identify in the U.S. Second, sperm frozen at Time24 can impregnate ewes, however, at much lower conception rates.


[image: image5]
Implications:  The new freezing protocols developed by NAGP can work but at lower levels of efficacy. If this approach is to be used the number of samples per breed will have to coincide with the inefficiency. In addition further work is needed to determine mechanisms that can increase the efficacy of ram semen frozen 24 hours after collection.  

· P. Purdy

· H. Blackburn

· R. Stobart (Univ. Wyo)

· G. Moss (Univ. Wyo)

· B. Murdoch (Univ. Wyo) 
GENETIC VARIATION CONTAINED IN THE HOLSTEIN COLLECTION
Problem:  Significant quantities of semen and numbers of Holstein bulls have been acquired by NAGP. However, there is a need to assess the genetic diversity of the Holstein collection.
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Findings:  The Holstein collection has been developed from university and commercial AI studs. Many of the university collection contained bulls that were born prior to 1965. Prior to 1965 genetic selection was not as effective as it has become. As a result the breed may have lost genetic diversity since 1965. Upon clustering the collection’s bulls by the coefficient of genetic relationship 9 distinct

clusters were formed. For the collected population of 790 bulls the average genetic relationship was 7.2%. The number of bulls and the average genetic relationship within cluster is given in the following table. Clusters 5, 6, 7, 8, and 9 had high genetic relationships (greater than half-sibs) among

	Cluster Number
	# Bulls
	Mean relationship

	Cluster 1
	83
	0.15

	Cluster 2
	336
	0.11

	Cluster 3
	22
	0.28

	Cluster 4
	193
	0.03

	Cluster 5
	47
	0.29

	Cluster 6
	38
	0.33

	Cluster 7
	26
	0.34

	Cluster 8
	21
	0.34

	Cluster 9
	24
	0.27


member bulls. Genetic relationships between clusters were lower than within clusters and ranged from 3 to 13%, indicating clustering was effective in partitioning animals of relatively lower relationships. The clustering illustrated an interesting point about dairy cattle breeding programs. Two prominent and unrelated bulls in the collection, Chief and Elevation, were placed in the same cluster. This combination occurred because their progeny were frequently mated to one another and those grandsons are present in the collection and also appear in the same cluster. This combination underscores the type of contraction in genetic diversity that has occurred in the dairy industry.   

Implications: Several conclusions can be drawn from this first inspection of the Holstein collection. These are that: given the number of bulls born prior to 1965, the number of prominent sires (e.g., Chief and Elevation) in the collection, and the low between cluster relationships all indicate that substantial genetic variation from the Holstein breed has been captured in the collection. Further analysis using the entire Holstein pedigree is necessary to make a more definitive statement.

· H. Blackburn

Clustering Yorkshire Boars for Collection and Entry into the Repository

Problem:  Confronting all species is determining which animals within a breed should be sampled to ensure a breed’s genetic diversity is represented in the repository. One approach is to use statistical clustering techniques, such as the Ward Method. Such techniques have been used in phylogeny studies, but have usually used microsatellites and not pedigree information. NAGP explored clustering Yorkshire boars based upon their computed genetic relationships.

Findings: Using the Yorkshire pedigree file provided by the National Swine Registry, genetic relationships were calculated for approximately 2,800 young boars. Only one boar per litter was used to reduce computation time.  Once relationships were computed, clusters were formed using the Ward Method. Based upon pseudo t-test it was determined that a significant break in the clusters occurred with 21 clusters. After determining which boars were in the clusters the average genetic relationships between clusters and within clusters were calculated.
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Once groups of boars are clustered a suitable approach is needed to select boars within a cluster. A criterion impacting this choice is the Swine Species Committee determination that a breed collection should be composed of approximately 100 boars. With this criterion the following options were explored: 

·   Randomly selecting boars (control), 

·   Using performance information, 

·   Weighting the number selected by the number of animals in the cluster, and

·   Using a constant number of boars from each cluster (5 boars/cluster).

When selection was simulated using either weighting by cluster size or five boars per cluster limit vs random selection the differences in average selected animal relationships were modest and would indicate that weighted selection or a fixed number per cluster were effective:

Random              =   .082

Weighted            =   .080

5 boars/cluster    =   .075

As to using performance information the graphs below illustrates the type of variation that can exist for repository boars that are in the same cluster. Such a range in variation would imply that performance differences could be added to the selection scheme.
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Implications: The clustering approach and the various means of selecting animals within a cluster were effective and could be used in developing the animal collections that encompass a breed’s genetic diversity. 

· H. Blackburn

· T. Stewart (Purdue University)

Preservation of Diverse lines of chickens

Problem:  The problem addressed in this study was two fold. First, could NAGP “import” to a local setting populations of roosters for collection. Second, in the literature there are concerns about the ability to cryopreserve genetically diverse chicken populations with one extender. To address these issues NAGP acquired two populations of White Plymouth Rocks (WPR) and two populations of White Leghorns (WL). The WPR represented long term selection lines for high (WPR-H) and low (WPR-L) body weight. The WL lines had been selected for positive antibody response (WL-H) and low antibody response (WL-L).  

Findings: Collections were made over the course of a year and sufficient quantities of germplasm conserved for regeneration purposes. A primary issue in developing poultry collections is the low quantities of semen obtained per collection. As a result the development of cryopreserved collections is slow and relatively costly. Post-thaw analysis was performed using CASA and flow cytometry. For both breeds and lines within breeds the post-thaw measurements indicated all lines were cryopreserved at levels that would yield sufficient numbers of live cells for insemination and potential regeneration. However, there were significant line within breed differences for the measurements of viability and beat cross frequency. These differences were due to the lower post-thaw performance of the WPR-H line.  The WPR-L exhibited a higher motility level compared to the other three populations, but this difference was not significant. The developer of this line has observed that the WPR-H line yields small collections of semen upon collection and that the birds tend to be more nervous than other populations.
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Implications: Re-locating chicken populations to facilitate collection efforts was feasible. On a cost basis, the local cost per straw was lower than on-site cost per straw ($14 vs $21), however both these costs are higher relative to other species. This result underscores the need to explore better collecting and cryopreserving sperm and other tissue types for avian species. While some of the post-thaw performance measures were significantly different for lines within breed the measures were not of such a level that would indicate concern about a lines ability to be cryopreserved. Current plans are to use some of the cryopreserved semen to evaluate the ability to reconstitute one line from unrelated hens.

· P. Purdy

· H. Blackburn

· P. Segel (Virginia Tech)

· J. Graham (Colorado State Univ.)

Cryopreservation of buck semen using cholesterol-loaded cyclodextrin

Problem:  Buck sperm can be cryopreserved, but the post-thaw sperm viability, motility, or fertility is typically less than acceptable bull sperm.  This is because of the damage that occurs to sperm when they are cooled and frozen.  During cooling and freezing, a sperm is subjected to decreasing temperatures that reorganize plasma membrane lipids and proteins.  This reorganization results in a rigid plasma membrane that is less apt to survive freezing.  One method for improving post-thaw quality is to treat the sperm (bull, ram, stallion) with cholesterol because the lipids make the plasma membrane more flexible at lower temperatures and the sperm respond to the physical stresses better.  To this point the methodology had not been tested with buck sperm.

Findings:  The National Animal Germplasm Program (NAGP), in collaboration with Prairie View A&M, developed a protocol for treating buck sperm with cholesterol-loaded cyclodextrin (CLC).  A cyclodextrin is a circular sugar that can incorporate a lipid into the center of the circle.  This puts the cholesterol in a form where it can be readily incorporated into the plasma membrane of a sperm.  If the sperm are treated with cholesterol in this manner, the membrane is more fluid at lower temperatures and the sperm survives freezing better.  Semen samples from 25 bucks were treated with 0, 1.5, 2.0, 2.5, or 3.0mg of CLC and then cryopreserved.  Post-thaw motility analysis resulted in significantly more motile buck sperm with the 2.5mg CLC treatment (52%) compared to the 0mg treatment (42%; P < 0.05). No differences in plasma membrane or acrosomal membrane integrity were detected.  

	CLC dosage
	% Motility
	% Plasma Membrane Intact
	% Live acrosome intact

	0
	42
	53
	93

	1.5
	46
	57
	92

	2.0
	50
	57
	92

	2.5
	52*
	57
	92

	3.0
	50
	55
	92

	SEM
	3.2
	1.0
	1.0


*Treatment differs from the control (0mg CLC) dosage (P < 0.05).

Implications:  The research presented here will potentially improve the fertility of cryopreserved buck sperm in a methodology that can be readily utilized by the goat industry.  Furthermore, this research will provide a better understanding of what happens to a sperm when it is cryopreserved, particularly the effects of cryopreservation on the membranes of the sperm and on the processes associated with sperm physiology.  Consequently, this should result in improved cryopreservation diluents, methodologies, and eventually fertility.  

· P. Purdy 

· H. Blackburn 

· H. Barrera (Prairie View A&M)

· J. Dzakuma (Prairie View A&M)

· L. Nuti (Prairie View A&M)

Microsatellite polymorphisms in bucks
Problem:  Reproductive traits are lowly heritable and difficult to measure, in addition sexual maturity has to be obtained to implement selection. However, by uncovering the genes related to desired reproductive traits, earlier indication of reproductive potential could be realized through the use of marker-assisted selection (MAS). Utilization of such a tool could make selection for reproductive traits age independent. Inhibins and activins inhibit and activate, respectively, the secretion of follicle stimulating hormone (FSH) by the pituitary gland which is involved in the regulation of spermatogenesis.  This research explored evaluating inhibin-( (INHA) and INHBB microsatellite polymorphisms, a possible tool for MAS. Using these markers as an aid in selection could benefit a producer’s breeding program by increasing selection intensity and reducing generation interval by evaluating reproductive potential at an earlier age.

Findings:  Using polymerase chain reaction techniques it was determined that Angora and Spanish buck DNA contain distinctive microsatellites. The frequencies of the INHA and INHBB polymorphisms were not in Hardy-Weinberg equilibrium for either breed, indicating that for these animals some selection pressure is being placed on INHA and INHBB. Two possible explanations are: the limited sample size of the two breeds, or the frequencies for INHA and INHBB are being altered by selection for doe prolificacy. The presence of these polymorphisms suggests a range of genetic variation that could be utilized in selection strategies, however, further work is required to identify specific associations between potential markers and semen characteristics.
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Implications:  These preliminary findings suggest that genetic variation exists for INHA and INHBB and this variation might be useful in selection strategies. While the cause and effect pathway between INHA and INHBB on sperm production through FSH regulation are known the magnitude of the change has not been quantified. Therefore, a broader sample of goats is needed to further explore the gene frequencies, establish the impact of different INHA and INHBB genotypes on sperm production, and refine marker locations before an effective selection tool can be developed.

· K.L. Sternes (Sul Ross)

· H. Blackburn 

· P. Purdy

· S. F. Spiller (Sul Ross)

· S. A. Ericsson (Sul Ross)

· R. Realivasquez (Sul Ross)
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12. Cleveland, M.A., Blackburn, H.D., Enns, R.M., Garrick, D.J. Changes in inbreeding of U.S. Herefords during the twentieth century. Journal of Animal Science. (In Press).

PLANT GERMPLASM PRESERVATION RESEARCH UNIT

Developing strategies and technologies to preserve
plant genetic diversity in ex situ genebanks
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The PGPRU welcomes Dr. Dale Lockwood, a postdoctoral fellow hired through Colorado State University’s Program of Interdisciplinary Mathematics, Ecology and Statistics (PRIMES).

The PGPRU is honored to have Dr. Pawel Chmielarz visit from Poland to work on conservation of oak germplasm.

News articles describe PGPRU research on garlic (Chicago Tribune, 3 Oct 2004; NY Times, 9 Sept 2004), beans (Reporter-Herald, 3 April 2004), valued colleagues (Science, 7 Jan 2005, http://www.sciencemag.org/sciext/globalvoices/), and featured research (Agricultural Research March 2005).  

SEED LONGEVITY AT NCGRP SEQ CHAPTER \h \r 1
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Problem: Reliable predictions of how long seeds survive in genebanks are needed to develop strategies that improve genebanking and to reduce the cost of frequent viability assessments. Despite the number of established genebanks, information of seed lifespans are rare, probably because the early stage of seed aging is asymptomatic and it takes years before the cataclysmic decline in germination ability occurs.  
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Findings: We have used the extensive monitoring data available from NCGRP’s seed collection to document the kinetics of seed deterioration under cold, dry storage. We analyzed the storage performance of about 42,000 accessions of seeds representing 276 species within the USDA National Plant Germplasm System (NPGS) collection as well as a smaller experiment of 207 cultivars from 42 species. Accessions from the NPGS collection were harvested between 1934 and 1975 and had relatively high initial germination percentages.  The seeds were stored at 5C (refrigerator) until 1978 when the storage temperature was reduced to -18C (freezer).  Germination time courses that represent average performance of the species were fitted to Avrami kinetics in order to calculate the time at which germination characteristically declined to 50% (P50).  We show that the median survival time (P50) among species was 54 years, but ranged from 12 to 466 years depending on species.  
Interpretation and Recommendations:  Some plant families had characteristically short- (e.g. Apiaceae and Brassicaceae) or long- (e.g. Malvaceae and Chenopodiaceae) lived seeds. Also, seeds from species that originated from particular regions had characteristically short- (e.g. Europe) or long- (e.g. South Asia and Australia) shelf lives.  There appeared to be no correlation between longevity and dry matter reserves, soluble carbohydrates, and parameters relating to soil persistence or resource allocation. The variability in longevity among individual samples and among species is considerable, and will be the basis for future studies on genetic and environmental factors that affect seed longevity.  We expect that current practices at NCGRP, where seeds are stored in the freezer shortly after harvest, will increase the P50 3 to 4 fold.
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· Christina Walters
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MECHANISMS OF DETERIORATION IN DESICCATED ORGANISMS
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Problem: Seeds age and eventually die, even when stored under the best genebanking conditions known.  While we know that these aging reactions are controlled by genetic and environmental factors that affect the embryogenic program, we do not know the specific cellular constituents that influence aging kinetics.  Experiments that measure aging under dry cold conditions are difficult because detecting changes in viability usually requires decades.  We are developing model systems to elucidate cellular constituents that are associated with longevity and to establish relationships between storage conditions and intracellular molecular mobility that will allow us to predict longevity by extrapolating from simulated conditions. 
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Findings:  the longevity of ten phylogenetically-diverse, desiccation-tolerant organisms: plants (seeds of many species, pollen of Typha latifolia, spores of the fern, Polytrichum sp., and the moss, Woodwardia sp., and leaves of Myrothamnus flabellifolius and Selaginella lepidophylla), animals (cysts of Artemia salina),  fungi (spores of Aspergillus niger and cells of Saccharomyces cerevisae (baker’s yeast)) and bacteria (cells of Serratia marcescens). Values for P50 (time for viability to decrease by half) ranged from ~6 years for Selaginella lepidophylla to 7 days for Serratia marcescens when organisms were stored at 35C.  An optimum RH between 10 and 20% was observed for most samples.  The effect of temperature was remarkably similar among the diverse species.

Interpretation and Recommendations:  Desiccation tolerant organisms survive complete water loss initially, but lose viability while dry. Extreme drying or cooling does not stop these aging reactions, perhaps because they do not completely stop molecular motion.   Variation of longevity among diverse species suggests that intrinsic factors regulate aging kinetics and provide the opportunity to identify key factors.  Understanding these factors will provide better predictive tools and improved preservation strategies.

· Christina Walters 

CRYOPRESERVATION OF VEGETATIVELY-PROPAGATED CROPS
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 SEQ CHAPTER \h \r 1
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Problem:  Germplasm is produced vegetatively when a species does not reproduce by seed or when a specific genotype is valued in a highly outcrossing species. Vegetative propagules are less tolerant of liquid nitrogen temperatures than most seeds and require complex cryoprotection procedures.  Procedures do not exist for most of the 30,000 accessions in the NPGS that are vegetatively-propagated. Plant tissues respond differently to cryoprotective procedures, exposure to liquid nitrogen and post-recovery conditions.  This makes it difficult to develop generic protocols that are effective for the diverse material that NCGRP uses. 
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Findings:  This year, major advances were made in developing or modifying cryopreservation procedures for explants of apple, garlic and Jerusalem artichoke (Helianthus tuberosus L.) and efforts continue to develop effective procedures for cherry, pear, grape, potato and sweet potato.  
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Cryopreserving dormant buds of apple is now routine at NCGRP, but the procedure is labor intensive and often gives variable results because of a preliminary drying procedure. We have shown that this treatment does not enhance survival of apple buds subjected to liquid nitrogen using a two-step cooling process.  

Shoot tips of Jerusalem artichoke survived exposure to liquid nitrogen when treated with the so-called vitrification protocol, which provides cells with cryoprotectants before immersing them in liquid nitrogen using rapid cooling methods.  A similar procedure was used to cryopreserve shoot tips of Arabidopsis thaliana and high levels of survival and regrowth occurred after LN exposure. 
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Interpretation and Recommendations:  Cryopreservation procedures are empirically-developed and usually have multiple steps.  The specifics of each step vary among species and genotype and survival can range from 0 to 100% depending on species, genotype or uncontrolled factors.  A better understanding of the basic principles that affect survival and recovery of plants will lead to more reliable protocols and higher survival.

· Leigh Towill 

· Gayle Volk

GENETIC DIVERSITY AND REPRODUCTIVE BIOLOGY OF TEXAS WILDRICE

(with Dept of Biology, Colorado State University)
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Problem: Efficiently capturing genetic diversity that is extant in the wild to make ex situ collections is a critical part of the genebanking process.  Sampling strategies to capture the maximum amount of genetic diversity are usually based on models that consider allelic frequencies and mating strategy or geographic distribution along clines.  Measurements of the proportion of genetic diversity that was captured in ex situ collections are rare, making it difficult to validate models or know if collection sizes are appropriate.  Initial studies by the PGPRU to measure genetic diversity in the wild and estimate how it can be consolidated in ex situ collections used the aquatic grass, Texas wildrice (Zizania texana), because the population is small (this is a Federally-listed endangered species), the species is closely related to gourmet wildrice (Zizania palustris) and the genome has synteny with rice (Oryza sativa).

Findings: The extremely restricted distribution of this endangered species allowed us to thoroughly sample the genetic diversity and to make comparisons among stands and years. We measured genetic diversity by genotyping, using micosatellite markers, 471 plants collected from the river and 36 plants that were growing in an ex situ reserve created by the US Fish and Wildlife Service. There was more genetic diversity in the river population than we expected based on the species' restricted habitat and presumed asexual reproduction. We could efficiently capture this diversity by focusing sampling efforts on the large stands, which harbored all the unique alleles for the markers we tested.  

Interpretation and Recommendations: Combining this study with previous ones, showing that the recalcitrant seeds can be cryopreserved and that flowering can be induced in greenhouse grown plants, provides a comprehensive strategy to preserve genetic diversity of this species in a genebank.  We have shown that measurements of genetic diversity and population structure can be used to design collection and preservation strategies.
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· Chris Richards

· Christina Walters
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POPULATION GENETIC ANALYSES TO PRESERVE GENETIC RESOURCES OF FRUIT CROPS
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Problem:  NPGS collections of wild relatives of fruit crops are usually maintained vegetatively even though the conservation target is allelic richness and the specific genotypes of wild-collected accessions are not particularly valued. Preserving this germplasm as seed would facilitate preservation protocols and allow a broader genetic representation of wild-collected accessions. Converting these vegetatively-maintained collections into seed collections presents risks of loss of genetic variability from small population sizes or inadvertent introgression from neighboring cross-fertile plants (i.e. genetic erosion).  An examination of the genetic diversity captured in these samples and changes arising from different pollination and seed collection strategies will lead to a more reliable method to genebank heterogeneous accessions. 
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Findings:   Initial studies of seed and budwood collected from Malus sieversii populations growing in deciduous forests in Kazakhstan, its center of origin,  identified individuals with genotypes that capture the allelic richness of the populations.  These individuals form a core that maximize diversity and can be used for planned pollinations to produce seed for conservation. 
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Interpretation and Recommendations: By using a population genetics approach, we can create seed accessions that efficiently capture genetic diversity and are easy to maintain ex situ.  This approach is appropriate for about 25% of the  NPGS clonal collection and the reported studies have been expanded to Pyrus, Prunus and Vitis species.
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· Gayle Volk

· Chris Richards
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GENETIC EROSION OF RYE DURING GENEBANKING

(with Polish National Academy of Sciences Botanical Garden)

Problem: Genebanking promises to preserve the genetic integrity within collections, but mortality during storage and regeneration of small samples can lead to genetic bottlenecks.  Improvements to genebanking strategies require an accurate assessment of the  risks and mechanisms of genetic change during genebanking.  

Findings: Assessments of genetic change during genebanking will consider collections from Brassica (e.g., broccoli, rape mustard) and Secale (rye) because the NPGS collections are broad and well curated and the genera are supported by substantial genomic information. In 2004, we identified 15 accessions of rye from wild populations, landraces and cultivars that were grown more than 30 years ago and have been regenerated 2 to 3 times since then.  These accessions will be regenerated and allelic frequencies among serial regenerations will be compared to determine the extent of genetic erosion and identify the mechanisms of genetic change.

Interpretation and Recommendations: Past studies with our collaborators showed that the longevity of triticale seeds (an intergeneric cross between rye and wheat) was intermediate between rye and wheat, indicating seed longevity traits are inherited. Thus, loss of viability during storage may cause genetic shifts in the accession.  Regeneration may also result in genetic shifts and this experiment is designed to evaluate the extent and mechanisms (random versus nonrandom) of genetic changes during the genebanking process.  SEQ CHAPTER \h \r 1 

· Chris Richards

· Christina Walters
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TOLERANCE OF OAK GERMPLASM TO CRYOPRESERVATION TREATMENTS

(with Institute of Dendrology, Kórnik, Poland)
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Problem:  Quercus (oak) species produce recalcitrant seeds that do not survive drying and so cannot be stored using conventional protocols.  The germplasm can be cryopreserved, and several techniques appear successful when tested using a narrow selection of species.  Understanding the range of tolerances of oak seed tissues to cryopreservation stresses will allow us apply developed cryopreservation protocols to a broader range of species. 

Findings:  Survival following exposure to liquid nitrogen has been demonstrated for excised embryonic axes that have optimized water contents (Q. rubra and Q. macrocarpa), shoot tips isolated from seedlings that have been presented with exogenous cryoprotectant solutions (Q. robur), and somatic embryos (Q. robur).  The applicability of the protocols will be tested on a broad range of Quercus germplasm from both the white and black oak groups.   We will compare the tolerance of embryos from different oak species to desiccation, cryoprotectants and liquid nitrogen temperatures to develop cryopreservation protocols that maximize survival.
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Interpretation and Recommendations: The immediate benefits of this research will be cryopreservation of oak germplasm.  Oak is an important genus in Europe and North America and populations are threatened by habitat loss or disease in both continents.  An understanding of the range of responses to cryopreservation stresses among congeners will facilitate studies of the cellular constituents key to tolerance.   This study will also provide the first cost-benefit analyses of the various methods to cryopreserve recalcitrant seeds, costs being the amount of labor to preserve materials and benefits include survival percentage, longevity, number of propagules produced and the amount of genetic diversity secured.   These analyses will be critical in developing strategies to preserve genetic diversity of large perennial plants.

This study is funded through a grant to Pawel Chmielarz from the Kosciuszko Foundation. Dr. Chmielarz is a visiting scientist in the PGPRU for academic year 2004-05.
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 Preservation and Quality Assessment of Plant Seed Genetic Resources 
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Problem: U.S. agriculture is based primarily upon introduced genetic resources from diverse centers of origin and diversity throughout the world. Today many of these centers are no longer accessible or they have been depleted as farmers switch to modern cultivars. It is imperative that diverse genetic resources be acquired, documented, preserved, and multiplied for those crops that are beneficial to mankind. The National Plant Germplasm System (NPGS) active sites grow and distribute samples of these collections to users. The National Center for Genetic Resources Preservation (NCGRP) maintains replicates of the genetic resources of the active sites and preserves this base collection in long-term storage. Genetic resources in the form of seed are utilized by plant breeders and molecular biologists to identify the resistance genes necessary to overcome the problems. Acquisition of new, diverse germplasm is very critical, however, the long-term storage and maintenance of previously acquired germplasm is essential.
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Findings: The NCGRP received 12,241 new seed accessions between January 1, 2004 and December 31, 2004. This number of new seed accessions has held relatively steady for the past 3 years at between 10,000 and 15,000 new accessions or replacement samples per year. The Unit tested 6,715 seed accessions for viability this year and placed these accessions into long-term storage at -18oC or in the vapor of liquid nitrogen. As in past years, over 90% of the stored seed was placed in the secure -18oC seed vault. Monitor tests, to confirm viability of seed previously stored, were conducted on 11,408 samples. The Unit distributed 4,020 samples to 184 scientists and 15 different countries with over half of the seed distributed within the US. The storage of safety back-up samples from International Gene Banks, State and Federal entities and NGOs remains an active storage activity for the Unit. In addition to the 12,241 new seed samples noted above, the Unit also received and placed in -18oC security back-up over 2,000 accessions from throughout the world.

Interpretations and Recommendations: The maintenance of a secure seed bank for the long-term storage of genetic germplasm for the use of future generations assures that genetic resources remain available for the welfare and survival of not only the US, but of the world’s, population. The National Center for Genetic Resources Preservation’s mission is to store and provide genetic resources for crop improvement. Long-term preservation of genetic resources is our main responsibility and as of December 31, 2004 we have in our base collection 356,874 seed accessions.

· Loren Wiesner

· Dave Ellis
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Evaluation of Seed Quality and Viability
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Problem: The determination of seed quality and viability is critical not only for the long-term survival of seed during storage but also for the determination of the success of seed storage conditions. Many species have seed which are recalcitrant and do not germinate or germinate poorly under normal germination procedures. Mechanical, chemical, and environmental pretreatments are used to overcome dormancy in combination with various environmental and physical environments to enhance germination frequency, uniformity, and speed. Ongoing efforts by the SVSRU to ‘tweak’ individual treatments to individual species are an attempt to maximize the efficiency of the overall seed quality/seed viability program. In 2004, this effort was directed toward enhancing germination efficiency and viability determination of saltbush seed.
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Finding: Seed quality evaluations of four species of saltbush are being conducted. Three procedures for determining seed viability are being evaluated: pre-chill, scarification, and washing. In addition, three germination environments are being tested. Unfortunately, germination and/or seed quality were a confounding problem with this species and therefore the testing of germination environments yielded little information. The viability results of germination and checking ungerminated seeds for dormancy have been compared to viability determined using tetrazolium chloride staining techniques. Results indicate that tetrazolium test results of the ungerminated seeds are a good indicator of saltbush seed viability in combination with germination results of those seed that do germinate. The use of tetrazolium tests gives seed companies seed quality information in a few days which allows them to better manage their seed supplies. The effects of dormancy-breaking procedures continue to be studied.
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Interpretations and Recommendations: Despite numerous studies on the causes of dormancy and methods to break dormancy in seeds, many species produce seed which confound seed analysts due to a lack of germinability using routine procedures. A viability assay, such as tetrazolium chloride staining on ungerminated seed, is a reliable yet time consuming method to determine the viability of seed which cannot be induced to germinate under standard conditions. Tests such as tetrazolium staining are critical and can be used while dormancy-breaking experiments are underway.  Saltbush in one case where this has now been demonstrated as an option while research continues to define less labor intensive ways to break dormancy and assess seed viability. The germination procedures developed for saltbush species will improve seed quality evaluation and give users information to aid in stand establishment and for seed companies to better manage their supplies. 

· Loren Wiesner

· Dave Ellis
· 
Preservation of Vegetatively-Propagated Crops
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Problem: The conventional storage unit of most plants is the seed. Yet what about the crops which are propagated vegetatively? The standard method to store such crops is in the field with few individuals per genotype. Such storage is not only expensive due to a commitment of land space and seasonal maintenance, but field specimens are also susceptible to all field-borne diseases and other insults inherent in the crop. Advances in the cryopreservation of plants have produced methods to cryopreserve a handful of genotypes from a few crop species. Where this initial work has been done, it allows an inroad into the long-term preservation of these crops. In other cases, low temperature-subfreezing, shorter-term (6-36 month) storage methods have been developed for the safety back-up of other vegetatively-propagated crops in vitro. 
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Finding: We currently have 3,832 accessions of vegetatively-propagated plants in storage. These include accessions both in the vapor of liquid nitrogen and in shorter-term subfreezing storage. Those species in the later group of shorter-term storage include Ipomea, Corylus, Fragaria, Humulus, Mentha, Pycanthemum, Pyrus, Ribes, Rubus, and Vaccinium. Active research in the liquid nitrogen storage of species where methods for storage exist continues with Pyrus, Ribes, Rubus, and Fragaria. A new project was initiated with the cryopreservation of 12 Allium species with initial results looking very promising. Finally, over 70 Vitis accessions are being maintained as shoot cultures with research focused on the development of shorter-term storage conditions, as well as cryopreservation. 

Interpretations and Recommendations: The work in the vegetative propagation group is proceeding very well. As the cost of maintaining field-based repositories increases, so does the need to continue work into alternative storage methods. Although very labor intensive once preserved, these accessions need very little expense to keep them. While the cryopreservation of these crops is important, it is viewed as a back-up and not a replacement for field-based collections.

· Dave Ellis
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PERPETUAL SEED STUDY

Problem: The mission of the SVSRU is to effectively document, preserve, and maintain viable seed and propagules of diverse plant germplasm in long-term storage. To achieve this mission, it is prudent to continually evaluate the storage conditions to ensure viable seed is maintained in long-term storage. One method of doing this is to continually look into the future to define how today we might set up experiments to provide materials and tools to help future scientists and seed bank curators decades or centuries from now. The Perpetual Seed Study is one such project. Seeds from diverse species were subjected to three pretreatments (immediate storage; 6 months at 5oC; 1 year at room temperature) prior to placement of the seed in three long-term storage environments (-18oC; LN2 vapor; LN2 liquid). Enough seed was included in each treatment to extend the testing period beyond 50 years.


[image: image14]
Finding: During the past two years we have received 47 samples representing 34 different species for this study. In 2004, 20 seed samples from 10 genera and 12 species were received and incorporated into the Perpetual Seed Study. All active seed sites, as well as several International collaborators, have cooperated in this study. After seed has received the pre-storage conditioning, it is split among the three long-term storage conditions. Viability of the seed during storage will be evaluated by seed germination assays. All seed is germinated before it is placed in the long-term storage temperatures. Germination tests will be repeated after one year, and periodically thereafter.


Interpretations and Recommendations: The need to continually refine and/or confirm optimum conditions for long-term seed storage is critical to the preservation of germplasm for centuries. Anticipating questions that might be asked 50 years from now is difficult, if not impossible; yet, as custodians of this germplasm, we must endeavor to provide the tools needed by future generations to answer questions regarding the consequences of long-term storage of germplasm. The Perpetual Seed Study is one such effort to provide the needed tools to the next generation.








 – Loren Wiesner, Dave Ellis

The National Center for Genetic Resources Preservation is located on the campus of Colorado State University in Fort Collins, Colorado





























Sealing seed samples







































































































































































































































































Sweet potato meristem isolation in preparation for cryopreservation
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Seed viability at NCGRP
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 - Where Cowmen Buy Bulls





- Prince Domino, 1914


Lerch, 1976





Dr. Pawel Chmielarz studies methods to cryopreserve oak germplasm.





Seeds from six species of oaks





Dr. Jerzy Puchalski, our collaborator, stands by rye accessions that are being regenerated. The plants are covered by tents (background) during flowering to control pollination.











Controlled pollinations are performed to produce apple seeds for long term storage.





Similar analyses will identify individuals from wild pear (Pyrus communis) collections that provide the greatest amount of genetic diversity.








Genetic markers identify individuals with unique alleles or genotypes.








Fruits from wild germplasm are quite different from cultivated varieties.








River populations of Texas wildrice were sampled to measure existing genetic diversity of the species.





Genetic diversity of the aquatic grass, Zizania texana, was found in the largest stands.





Shoot tip of Arabidposis 12 days after it was exposed to liquid nitrogen. This species provides a model system to study metabolic pathways key for protection and recovery from cryopreservation stresses.





Jerusalem artichoke plant.





Apple section recovering from exposure to liquid nitrogen. The center part of the twig (xylem) is brown and dead. However, the bud survived the treatment and is swelling.





Selaginella survived longer than any other desiccation tolerant organism studied, including many species of seed.  This picture demonstrates the remarkable recovery of leaves that were stored under non-optimal conditions at –18C for more than 7 years.





Selaginella lepidophylla is called a “resurrection plant” because its leaves survive desiccation.





Monitoring results from 234 accessions of Beta vulgaris (beet) seeds stored at NCGRP.  Notice that data have been collected for about 60 years.  Viability ranges drastically among accessions stored for 20 to 60 years and this variability is a major problem for genebank operators.  The large blue circles represent mean viability and was used to predict the characteristic behavior of the species: time to 50% germination is 44 years.
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Conventional seed storage at NCGRP
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